Kounias and Farmakis, in 'On the excess of Hadamard matrices ', Discrete Math. 68 (1988) [59][60][61][62][63][64][65][66][67][68][69], showed that the maximal excess (or sum of the elements) of an Hadamard matrix of order h, o(h) for h = 4m(m -1) is given by o(4m(m -1))≤4(m -1) 2 (2m + 1).
Introduction
An Hadamard matrix, H, of order h has elements ±1 and satisfies HHT = hl h • If H = I + S where ST = -S then H is called skew-Hadamard. The most recent results on ske~-Hadamard matrices are given by Seberry [12] .
A conference matrix, C, of order n == 2 (mod 4) has zero diagonal, other elements ±1, and satisfies CC T = (n -I)I n • Conference matrices are known for Let e denote the 1 x q matrix of ones, J the q x q matrix of ones and I the identity matrix. The skew-Hadamard and conference matrices of order q + 1 can be denoted
where
Q and X are called the core of the matrices from which they have been derived. The excess of a Hadamard matrix, H, denoted a(H) is the sum of all its elements. a(n) is used to denote the maximal excess of all Hadamard matrices of order n. This concept has been studied by a number of authors (see [1-8, 10-11, 13, 15-16] ) and some theoretical bounds of a(n) obtained and Hadamard matrices meeting that bound constructed. In this paper we give a new family of Hadamard matrices whose excess is maximal.
The constructions
Let q == 1 (mod 4) and XT = X, eX = 0, XXT = qI -J, where X is the core of a conference matrix. Then consider the following matrix: Let q = 3 (mod 4), QT = -Q, eQ = 0, QQT = qI -J, where Q is the core of a skew-Hadamard matrix. We generalize an example of Farmakis and Kounias [3] and consider the matrix: 
Numerical results
It can be seen by inspection that the matrices constructed above have the row-sum vector (2qe q (3q+4), 2(q + 2)e q 2), where q is odd.
The first few values obtained are given in the table, the values for h = 8 and h = 48 were known ( [15, 10] ), the values for h = 0 (mod 16) arise from [6] but the remaining results are new.
